The port regionalisation concept extended earlier spatial models of port development with a focus on institutional relationships governing the complexity of inland connections. The concept accounts for the fact that modern ports operate in an increasingly complex and sophisticated transport and logistics environment, embedded within multi-scalar planning regimes. This paper addresses the role of intermodal transport in port regionalisation by reviewing the literature on the three core aspects of the concept: intermodal terminals, inland logistics and collective action problems.
Introduction
port regionalisation concept extended earlier spatial models of port development with a focus on institutional relationships governing the complexity of inland connections. The new approach recognised that modern ports operate in an increasingly complex and sophisticated transport and logistics environment, embedded within multi-scalar planning regimes.
Effective intermodal transport infrastructure and operations are required to underpin the levels of integration required for successful port regionalisation. A large literature on intermodal transport and logistics has been published in recent years 1 ; it is the contention of this paper that an analysis of this literature can enable an identification of potential challenges to successful port regionalisation that are not currently addressed.
This paper addresses the role of intermodal transport in port regionalisation. It identifies and examines the processes implicit within the concept; namely, intermodal terminal development, logistics integration strategies and the institutional processes of resolving collective action problems. While port regionalisation covers more than intermodal transport, these three processes are all inextricably linked with the concept because the relevant infrastructure and the integration of dominant industry players provide means to capture or control key corridors and load centres. It is therefore argued that port regionalisation cannot be fully understood (and hence theorised) without greater analysis of the key issues from the intermodal literature.
The paper begins with an examination of port development theory in general and the regionalisation concept in particular. From this analysis, the three key elements of port regionalisation are derived. In section three a conceptual framework is established and an inductive methodology described, based on three open-ended research questions. The three elements are analysed through a review of the literature on both cases and conceptualisations in order to describe and discuss how the integration processes as defined within the port regionalisation concept are enabled or constrained. Following a discussion of these findings in section seven, the paper concludes by proposing a future research agenda relating to the institutional adaptations of port actors as a result of the challenges identified in this paper.
1 While intermodal transport includes container movements by both rail and barge, rail transport is by far the most common topic in the literature. The barge literature (e.g. Choong et al., 2002; Trip & Bontekoning, 2002; Groothedde et al., 2005; Konings, 2007; Konings et al., 2013) tends to focus on operations rather than terminal development and the institutional aspects of port integration.
The port regionalisation concept
A number of authors have attempted to explain the complex process of port development by proposing different conceptual models. Early models were primarily focused on spatial analysis, such as the "main street" model of Taaffe et al. (1963) and Bird's (1963) "Anyport" model, which were developed along similar lines by Rimmer (1967) and Hoyle (1968) . Hayuth (1981) developed the concept of dominant ports or load centres that increase their inland penetration and hinterland capture, and Barke (1986) produced a similar model, with an additional focus on decentralisation, whereby some port activities are moved from the port to less congested areas. Van Klink (1998) suggested port city, port area and port region as summaries of previous port models, and identified the rise of port networks as a fourth stage in port development, including logistical control of inland access as a new role for the port in this phase of development, particularly related to the integration of activities at noncontiguous sites. Later authors have suggested that simplistic models such as Bird's or the UNCTAD generational model (UNCTAD, 1992) struggle to capture the complexity of port infrastructure, operations and services (Beresford et al., 2004; Bichou & Gray, 2005; Sanchez & Wilmsmeier, 2010) .
Earlier spatial models of port development have been analysed by previous authors (e.g. Slack, 1993; Slack & Wang, 2002; Olivier & Slack, 2006; Lee et al., 2008; Wang & Ducruet, 2012; Monios & Wilmsmeier, 2012a) . Space restrictions prevent a detailed analysis here; for the purposes of this paper the port regionalisation concept is taken as the starting point. However, the key features of its derivation from Bird (1963) and Taaffe et al. (1963) require some brief explication. Bird's (1963) model was focused on port installations (e.g. terminal locations which expanded into new deeper water sites and specialised into container and bulk terminals). Notteboom and Rodrigue (2005) condensed Bird's model into three phases (setting, expansion and specialisation) and then added a phase of "port regionalisation", in which transhipment hubs and maritime forelands are incorporated. Taaffe et al., (1963) examined how inland connections underpin port competition, through the evolution of high-priority corridors between the largest nodes. Notteboom and Rodrigue (2005) expanded the port's role in this hinterland integration model in order to address the rising importance of inland load centres to port development, particularly the integration of inland terminals within the transport network. The regionalisation concept's focus on hinterland integration can be seen as a combination of load centres (Hayuth, 1981) and priority corridors (Taaffe et al., 1963) . Indeed, some empirical applications of port regionalisation in new contexts Wang & Ducruet, 2012) imply in their focus on inland control that the port regionalisation concept's major debt is to Taaffe et al. (1963) .
The port regionalisation concept has not been defined adequately. It has been called a phase and a process, an accumulation of various strategies. Notteboom and Rodrigue (2005;  p.302) assert:
Port regionalisation thus represents the next stage in port development (imposed on ports by market dynamics), where efficiency is derived with higher levels of integration with inland freight distribution systems. . . . Many ports are reaching a stage of regionalisation in which market forces and political influences gradually shape regional load centre networks with varying degrees of formal linkages between the nodes of the observed networks.
Port regionalisation is thus a term that encapsulates a variety of integration and cooperation strategies, with varying motivations of hinterland capture, control and competition.
The term "regionalisation" is generally understood in political discourse to refer to a shift in focus, power or responsibility to the regional level, a process of devolution from the national level. A vast literature exists on issues of "hollowing out" and "filling in" of governance capacity (see section 6), including critiques of the "new regionalism" (Lovering, 1999) . However, none of these issues are raised in the port regionalisation discussion. The term appears to be used in the sense that the port's focus moves spatially from a local to a regional focus, a change in emphasis that is reflected in the seeking of new ways of integrating with inland transport systems. Ducruet (2009) stated that the "port region" has never been defined adequately. Modern ports are embedded in the territorial and economic characteristics of their immediate geographical region while also acting as gateways to the trade of larger regions. Thus the port region is multifaceted, incorporating the local economy, the wider hinterland and the port range. The "region" in the port regionalisation concept can therefore be understood more accurately as the hinterland, which is itself an amorphous concept depending on how integrated a port is with inland transport and logistics networks.
The port regionalisation concept is linked to the "multi-port gateway region" proposed by Notteboom (2010) . This concept defines a number of ports competing to serve an overlapping hinterland, and intermodal connections as well as suitable logistics structures are paramount to capture and control these areas. Similarly, the regional differences and specificities of each port region, both within and between continents, will determine how regionalisation plays out in terms of terminals, corridors and institutional relationships. Rodrigue and Notteboom (2010) identified globalisation, economic integration and intermodal transport as three major influences on what they call "the regionalism of freight distribution" (p.498), concluding that "regionalism results in different strategies" (p.504), and they have noted elsewhere that "there is no single strategy in terms of modal preferences as the regional effect remains fundamental" p.2) .
How, then, is it possible to capture specific "regional effects" or "regionalism" within a concept of "regionalisation", while recognising the unreliable relationship between region and hinterland, and then to convert these somewhat vague concepts into theory? This paper will derive the key elements of the port regionalisation concept to examine in more detail how they reveal such regional effects or "regionalism" through the spatial and institutional characteristics of each activity.
The port regionalisation concept has both spatial and institutional aspects. Spatial refers to physical developments such as terminals and rail/barge corridors. However, an essential component is market capture which is not based on physical developments but institutional relationships; in most cases the infrastructure is common-user so the port authority or terminal cannot control the physical corridors but rather focuses on making agreements for the traffic to come through its port, regardless of who the transport operator is, what mode they use and which corridor they follow. It is thus the shipping line and the shipper's selection of carrier or merchant haulage that exerts significant influence on hinterland cargo flows.
The early port development literature was focused more on spatial development than actor-centric approaches, due in part to the historical industry structure. Recent literature distinguishes between port actors (see below), but insufficient attention has been given to the identification of the different strategies of these actors. Notteboom and Rodrigue (2005;  p.302) assert that regionalisation is "imposed on ports" but the dynamics of this concept are unclear, such as the determinants of the "varying degrees of formal linkages" and the way that "market forces and political influences" affect these processes embedded within the concept.
While one paper cannot cover all possibilities, three key aspects will be selected for further study: inland terminals, inland logistics and collective action problems. Each aspect will be examined in order to identify how intermodal transport enables or constrains the integration processes embedded within port regionalisation.
Conceptual framework and methodology
The first key distinction of the port regionalisation concept is its focus on inland terminals. Notteboom and Rodrigue (2005) state that the concept "incorporate[s] inland freight distribution centres and terminals as active nodes in shaping load centre development" (p.299), and that this process is "characterised by strong functional interdependency and even joint development of a specific load centre and (selected) multimodal logistics platforms in its hinterland" (p.300).
The second key aspect of the port regionalisation concept is the role of the market, in particular the changing nature of logistics operations. Notteboom and Rodrigue (2005) state that "regionalisation results from logistics decisions and subsequent actions of shippers and third-party logistics providers" (p.306), and that "the transition towards the port regionalisation phase is a gradual and market-driven process, imposed on ports, that mirrors the increased focus of market players on logistics integration" (p.301). They go on to note that "logistics integration . . . requires responses and the formulation of strategies concerning inland freight circulation. The responses to these challenges go beyond the traditional perspectives centered on the port itself" (p.302).
The third key element of port regionalisation to be addressed in this paper is the role of collective action problems. Notteboom and Rodrigue (2005) discuss proactive attempts to influence load centre or inland terminal development, as something of an alternative to their suggestion that port regionalisation is "imposed on ports" (p.301). They state that "the trend towards spatial (de)concentration of logistics sites in many cases occurs spontaneously as the result of a slow, market-driven process. But also national, regional and/or local authorities try to direct this process by means of offering financial incentives or by reserving land for future logistics development" (p.306). Yet they warn against the danger of optimism bias: "a lack of clear insights into market dynamics could lead to wishful thinking by local governments. . . .
This can lead to overcapacity situations" (p.307). While the authors suggest that ports should not "act as passive players" (p.306), and should adopt "appropriate port governance structures" (p.306) to deal with these new challenges, they state clearly that "the port itself is not the chief motivator for and instigator of regionalisation" (p.306). However, they note that "the port authority can be a catalyst even when its direct impact on cargo flows is limited" (p.307). Notteboom & Rodrigue (2005) observe that many different types of relationships can be developed between the port and the inland actors, depending largely on "the institutional and legal status of the partners involved" (p.307). Essential to an understanding of this aspect is the uneven distribution of costs and benefits resulting in a free rider problem: "Port authorities are generally aware that free-rider problems do exist. This might make port authorities less eager to embark on direct formal strategic partnerships with a selected number of inland terminals. Instead, port authorities typically favour forms of indirect cooperation . . . which are less binding and require less financial means" (p.310) as "a seaport cannot make cargo generated by an inland terminal captive to the port" (p.310).
In summary, according to the port regionalisation concept, inland terminals are active nodes, inland logistics integration is driven by market players and collective action problems can challenge the port's ability to act. The research topics for this study relate to each of these three aspects, the main characteristics of which are listed in Table 1 . The common thread in all three aspects is integration between port and inland actors, although the varying types and levels are not classified. If port regionalisation is proposed as an observable stage in port development, the implication is that its presence is possible or even probable in the majority of instances. This paper will look at the three key aspects just derived in order to identify how they enable or constrain the level of integration required for true port regionalisation. Moreover, it must be recognised that port regionalisation is not a theory; it does not make predictions that can be formed into hypotheses for testing. A deductive methodology is, therefore, not appropriate, and the research questions for this study are purposely open-ended:
1. What are the key features of inland terminal development and how can they influence port regionalisation?
2. What are the key features of inland logistics integration and how can they influence port regionalisation?
3. What are the key features of collective action problems and how can they influence port regionalisation?
This study follows an inductive methodology, based on an analysis of existing works (both primary research on cases and secondary theorisations and conceptualisations). In order to examine the three constituent parts of port regionalisation, the paper looks at how each of the three topics have been explored both in actual cases and in theorisations, before drawing conclusions about how both these cases and theorisations can feed back into the concept.
The methodology for this study is to review the literature and to describe and discuss how the integration processes as defined within the port regionalisation concept are enabled or constrained. While cases extant in the literature are discussed in this paper, the findings cannot be deduced from a quantitative analysis of the totality of such cases, as many of the necessary features are not recorded in the case study analyses. Indeed, one difficulty arising from the large literature on hinterland transport in recent years is the many different frameworks under which it has been analysed.
When dividing port regionalisation into its three constituent parts, the first (inland terminal development) is naturally more case-based, therefore will be examined by reviewing the cases in the literature. It must nevertheless be remembered that the cases from the literature are not a random sample to be used in a deductive approach attempting to prove or disprove hypotheses. The cases extant in the literature have been used by the various authors as exemplars of certain types, so they should not be analysed as evidence for or against a hypothesis. The second aspect (logistics integration) relates more to previous work on industry structure and practice with only some case research, therefore the analysis proceeds by establishing the key features of logistics integration to match it against the processes implied for successful port regionalisation. The third aspect (collective action) is an institutional theoretical concept and has naturally been addressed through highly theoretical approaches, the key features of which will be summarised in this paper and compared against the port regionalisation concept. Therefore, to analyse these three aspects of port regionalisation necessitates an approach that covers cases, theories, summaries and conceptualisations in a multi-dimensional manner.
The role of inland terminals in port regionalisation

Introduction
The three major themes in the inland terminal literature are the development process (especially the roles of public and private actors), the operational models vis-à-vis port and rail/barge actors and the role of logistics. While inland logistics will be considered in the following section, the terminal development process and different operational models will be addressed here. Van Klink, 1998; Rodrigue and Notteboom, 2009; Roso et al., 2009; Monios, 2011; Veenstra et al., 2012; Monios & Wilmsmeier, 2012a Developments driven by the public sector due to motivations of regional development are more prevalent in Europe (Tsamboulas et al., 2007; Proost et al., 2011) ,although state involvement is becoming more common as a risk mitigation strategy in large intermodal schemes in the United States (Rodrigue & Notteboom, 2012) . Questions have been raised regarding the efficacy of public investment in terminals considering the difficulties of economically viable operation once the site is built (Höltgen, 1996; Gouvernal et al., 2005; Proost et al., 2011; Liedtke & Carillo Murillo,2012) .It has been argued that in North America the private sector focus on profit tends to regulate this problem Rodrigue at el., 2010) . On the other hand, public sector developments are more likely to adhere to planning strategies such as location in brownfield sites or economically undeveloped areas. Private sector developments, while technically also subject to the same planning approvals, often succeed in evading such restrictions (Hesse, 2004) , partly due to a lack of institutional capacity to manage planning conflicts (Flämig& Hesse, 2011) . Even where local planning rules apply, the lack of a coordinated regional approach can lead to suburban sprawl of logistics platforms (Bowen, 2008; Rahimi et al., 2008; Dablanc & Ross, 2012) , a lack of incentive to invest (Ng et al., 2013) or a split of scale economies across institutional jurisdictions (Wilmsmeier et al., 2011) . Thus, while ports attempt strategic inland terminal developments to further their competitive goals, the conflicting aims of landside actors to develop terminals based on strategies of regional development leads to an oversupply of terminals and fragmentation of flows, undermining the integration necessary for successful port regionalisation.
The development process of inland terminals
According to the cases in the literature, inland terminals developed by a transport operator tend to be rail operators more so than barge. In Europe, most rail networks were managed by the national government until recent times (Martí-Henneberg, 2013), thus terminals were developed both by private transport operators attached to the national network and by the national rail operators themselves. As shown in Table 2 , these sites are now mostly owned and/or operated by private operators, or, in a liberalised EU environment, the verticallyseparated and quasi-private but still nationally-owned rail operator. In other countries, the rail operations remain wholly or predominantly under state control. In the United States, where rail is privately owned and operated on a model of vertical integration, intermodal terminals are developed and operated by the private rail companies.
The operational models of inland terminals
As part of an intermodal corridor, inland terminals exhibit different operational models that involve different levels of cooperation, investment and integration with port and rail actors (see Table 3 ). Table 3 shows that the intermodal terminal operator may be independent from rail service operation, it may run rail services for any users or it may run rail services directly for the site tenants. Bergqvist et al. (2010) noted that terminal volume is reliant on traffic flows therefore the terminal operator requires a close relationship if not some level of integration with the rail operator(s) to guarantee traffic coming to the terminal.
From a port perspective, there may be investment from a port actor, whether a public port authority or a private port terminal operator. This investment may be simply a shareholding or may be direct involvement with an extended gate type operation, a specific kind of intermodal service whereby the port and the inland node are operated by the same operator, managing container flows within a closed system, thus achieving greater efficiency (e.g.
Venlo -see Van Klink, 1998; Rodrigue and Notteboom, 2009; Roso et al., 2009; Monios, 2011; Veenstra et al., 2012; Monios & Wilmsmeier, 2012a) . Similarly, port actors can be directly involved in establishing intermodal services or corridors.
Academic literature over the past decade has begun to develop conceptual models to The hinterland freight geography of North America represents a landbridge and Europe is based on coastal gateways and inland load centres (Rodrigue & Notteboom, 2010) , while the East Asian hinterland model has been categorised as coastal concentration with low inland coverage (Lee et al. 2008) . European and North American seaports are generally conceptualised as increasingly integrated with their hinterlands, as per the regionalisation model, but the historical lack of inland penetration of Asian and Latin American ports would suggest that such hinterland integration models do not apply there. While this appears to be true in India (Ng & Cetin, 2012) and Latin America (Ng et al., 2013) , in China this spatial pattern is being altered by, for example, the establishment of several inland ports in the network emerging in China reflects similarities to patterns observed in more integrated networks such as Europe and North America. Similarly, recent research indicates that the hinterland strategies of globalised port terminal operators in Central America exhibit some replication of European port-driven strategies also (Rodrigue & Wilmsmeier, 2013) . Monios and Wilmsmeier (2012a) showed that inland terminals have experienced difficulties attracting port flows unless a port actor has been involved from the beginning, and hypothesised that inland terminals developed on the basis of intermodal flows with ports can only be successful if a close operational relationship, if not full integration, with the port terminal operator is established from the outset. The literature suggests that integration with ports is difficult and consequently rare, requiring a number of difficult obstacles to be overcome, which will become clearer in the following sections of this paper.
Conclusion
While the port regionalisation concept suggests that regionalisation is imposed on ports, the literature reveals that ports can actively develop inland terminals. Moreover, differences exist between those developed by port authorities and those developed by port terminal operators. In the cases extant in the literature, the most successful model appears to be the port terminal operator, perhaps because the port authority is rarely in a position to achieve such operational "extended gate" integration, thus limiting the potential for successful inland terminal developments by port authorities. This finding suggests that an enlarged institutional capacity may be an increasingly important source of competitive advantage in the port industry. The relevant issues from the logistics literature can be grouped into two sections:
The role of logistics and inland
concentration and centralisation of distribution strategies and processes of logistics integration. This literature will be described and discussed in order to determine how the key features of these processes can influence port regionalisation.
Distribution: concentration and centralisation
Hesse (2004) showed how the real estate market for logistics has changed from one with high ownership levels, primarily local firms, few speculative developments, 10 year leases and a weak investment market to a situation with an increasing share of rental sites, international developers, speculative development, shorter leases of 3-5 years and a strong investment market for new developments. Average warehouse size has been shown to be increasing in both the UK and the US (McKinnon, 2009; Cidell, 2010) as is the tendency to agglomeration, with companies locating their DCs within large logistics parks (McKinnon, 2009) .
Such processes are difficult for port actors to control; therefore, when port regionalisation occurs it is, to an extent, "imposed on ports" by the actions of inland logistics actors.
However, as noted by Notteboom (2010) , the geographical concentration of inland logistics zones produces load centres and high density corridors served by inland terminals. This provides the opportunity for large port authorities to take a direct involvement, as seen in the previous section. However, inland logistics remains fragmented in many cases and different strategies are adopted based on regional characteristics.
For example, distribution strategies can be based on direct gateway distribution Wang & Ducruet, 2012) . Alternatively, distribution can be based on tiered systems of first (e.g. Europe-wide or east/west US) and second-tier (e.g. regional) distribution centres (Rodrigue & Notteboom, 2010) . Firms commonly utilise a mixture of gateway logistics for Far East imports, inland hubs for slow-moving domestically-sourced stock and local distribution centres for fast-moving products . Monios (2012) looked in detail at the use of intermodal transport by large British retailers and found that, despite operational integration in some instances, the concentration of distribution centres in the centre of the country and the focus on domestically-sourced product created a separation between port and inland flows. The role of 3PLs was essential to consolidate flows to support intermodal corridors, but the operational issues of wagon and container imbalances, as well as the terminal handling costs, still threatened the feasibility of rail operators providing the service. The primary domestic corridor in the UK is the AngloScottish route, where domestic ambient product moves northbound in 45ft pallet-wide containers, backfilled with a combination of Scottish suppliers and other consolidated loads.
The port flows are palletised or break bulk general merchandise in 20/40ft deepsea containers. These product and route characteristics affect rail efficiency because port flows are generally hauled by Freightliner on 60ft wagons to cater for 20ft and 40ft containers, while domestic flows are hauled by Direct Rail Services in conjunction with 3PLs in 45ft boxes on 54ft wagons.
One port regionalisation strategy adopted by ports to incorporate themselves into domestic logistics patterns is port-centric logistics, which has been discussed elsewhere in more detail (Mangan et al., 2008; Monios & Wilmsmeier, 2012b) .
It is being used in the UK as a way for regional ports to compete with mainports but it has limitations, such as backhaul and container type mismatches, and, more broadly, a difficulty in overcoming centralised inventory strategies. Another downside is that the company is anchored at that port with little option if a shipping line raises its prices or moves to another port, whereas intermediate locations in the centre of the country allow the shipper to take advantage of competitive rates from several ports and shipping lines. This finding underlines the reluctance of inland actors to integrate with maritime actors.
Logistics integration
In supply chain management, vertical collaboration involves relationships with supply chain partners up and down the chain. In vertical logistics collaboration, the integration is not along the supply chain but relates to the provision of logistical services, including transport.
Examples of vertical collaboration in transport and logistics include vendor managed inventory (VMI), efficient consumer response (ECR) and collaborative planning, forecasting and replenishment (CPFR) (McCarthy & Golicic, 2002; Esper & Williams, 2003; SkjoettLarsen et al., 2003; Tuominen, 2004; Cruijssen et al., 2007) . A shipper forming a relationship with a 3PL and a rail operator would be an example of vertical collaboration as far as intermodal logistics is concerned (Lehtinen &Bask, 2012).
As with horizontal supply chain collaboration, horizontal collaborations in logistics are likewise with competitors; for example, 3PLs or transport providers running services together, or shippers combining loads together to provide economies of scale. A further complication is when a 3PL combines loads for separate customers, which is not actual horizontal collaboration on behalf of the shippers but achieves a similar effect. It could even be described as a horizontal cooperation with a vertical character, for example when a number of shippers adopt similar pallet or container types or use a shared transport hub in order for a 3PL or transport provider to provide a joint service with lower cost to all users. Mason et al. (2007; p.188 ) discussed the need to combine "vertical collaboration to reduce costs and improve service levels as well as horizontally with industry partners to better utilise assets and hence to further reduce costs." Cruijssen et al. (2007) noted that horizontal collaboration is common in the maritime and aviation sectors, but less so in landside transport and logistics, due to different characteristics, such as the large number of players and increasing competitiveness and its less capital-intensive nature. Bowersox et al. (1989) established a 5-stage model of logistics integration, from single to repeated transactions, then partnerships, followed by third-party agreements and finally integrated service agreements. Successful logistics integration requires high levels of cooperation such as synchronising the logistics decision horizon for forward-looking planning, consolidating multi-party logistics processes such as matching shippers and carriers or resource availability, and integrating functional scope such as product development, logistics and marketing (Simatupang & Sridharan, 2002) . As with the key features of distribution patterns examined in section 5.2, these features of inland logistics cooperation also reveal why inland transport is not integrated horizontally and vertically in the way that maritime transport has become.
Logistics integration in the supply chain has been a recurring theme in the maritime transport literature (e.g. Heaver et al., 2000; Heaver et al., 2001; Frémont, 2009; Olivier & Slack, 2006; Van de Voorde & Vanelslander, 2009) , partly due to the high proportion of door-to-door costs represented by the inland leg (Graham, 1998; Notteboom & Winkelmans, 2001; Notteboom and Rodrigue, 2005) . Graham (1998) wrote that "the land-side is characterized by relatively low investment, high operating expenses, little scale incentive to collective operation and a considerable level of unremunerated activity requiring cross payment out of sea freight" (p.135); fifteen years later, this statement remains true and explains both why port actors want to control hinterland links, and why it remains so difficult.
In the past decade, shipping lines and port terminal operators have consolidated and integrated their portfolios through mergers and acquisitions, resulting in a small number of dominant firms. These firms have since benefited from significant economies of scale and scope and enabled them to provide something of a seamless intermodal transport movement from port to port. There is as yet insufficient evidence that this trend has occurred inland, and the characteristics of inland logistics as just described through literature review reveal that it will not be likely in the majority of instances. For true intermodality to be successful and economically feasible, land transport operations require a similar level of consolidation to that of the sea leg.
There will, nevertheless, be some efforts by ports especially on big ticket projects like the Alameda Corridor (see next section). But these remain in the minority and are the province of large ports only, considering the money, time and institutional difficulty and adaptation required (again, see next section).
Conclusion
Large shippers are seeking greater control of their distribution in some ways, but they tend to work in partnership with 3PLs rather than integrating with them in the way that 3PLs
have integrated to some degree with road haulage. Likewise, 3PLs work closely with rail operators but are not integrated with them. A series of complex relationships persists in the industry, suggesting that the dominant players in the market for inland freight circulation are not integrating or even cooperating to the extent that shipping lines are for maritime flows.
Reluctance for such integration or even collaboration is a barrier to consolidation, which is necessary for greater use of intermodal transport and prevents intermodal corridors becoming instruments of hinterland capture and control for most ports. Port regionalisation cannot take place effectively while inland and maritime logistics systems remain separated by such operational issues, and little incentive has been identified for any user to solve this collective action problem, which is a topic that will now be addressed.
The role of collective action problems in port regionalisation
Introduction
Research has shown how spatial development is to a large degree an institutional problem, as intermodal corridors involve many actors that are integrated at different levels and managed by varying arrangements. These issues can be grouped into two sections: the collection action problem requiring coordination mechanisms and the institutional adaptations of port actors.
Reason for collective action problems and the need for coordination mechanisms
Van der Horst and de Langen (2008) Much of this research has made use of theory from institutional economics (e.g. Coase, 1937; Williamson, 1975 Williamson, , 1985 North, 1990; Aoki, 2007) to analyse cooperative behaviour in intermodal transport corridors, a full analysis of which is beyond the scope of this paper.
Monios and Lambert (2013) analysed a collective action problem in an intermodal corridor development in the United States and found a conflict between legitimacy and agency and a limitation of political organisations due to their design, both of which were expected from the institutional literature (e.g. Meyer and Rowan, 1977; Moe, 1990) .These issues account for the high incidence of policy churn, lack of agency and sometimes lack of communication between the public and private sectors. The role of informal networking was also found to be important as it can overcome institutional inertia, although it is difficult to capture this process, and harder still to attempt to institute it in another setting through policy action. As institutional capacity is scaled at the state level in the United States, lessons can be learned for the multi-scaled EU transport planning regime, such as the importance of informal regional cohesion across devolved governance spaces.
Rodrigue (2004) demonstrated how intermodal freight corridors represent the regional scale of freight distribution, linking the local and global levels. Thus the globalised distribution channels underpinning the physical separation of freight production, manufacture and consumption connect local zones of production and consumption through regional
corridors. Yet, while the corridor focus is attractive as a planning concept,as international corridors cross national and regional boundaries, they do not always fit comfortably into national spatial plans and at regional and local levels there is fear of "ribbon development" (Priemus & Zonneveld, 2003) and uneven economic development that simultaneously benefits some areas while depleting others (Chapman et al., 2003) . Lehtinen and Bask (2012) showed the difference the correct business model can make.
Branding of a corridor (e.g. the Heartland Corridor -see Monios & Lambert, 2013) or establishing a specified institutional structure and governance regime can be important elements of corridor success, whether for attracting funding, resolving operational problems or harmonising regulations at border crossings (Kunaka, 2013) . Such institutional initiatives have been tried in Africa for long distance corridors crossing several countries, some of which are land locked and have a significant interest in developing efficient transport corridors for access to neighbouring ports (Adzigbey et al. 2007 ). The port's role in such initiatives is limited.
Flämig and Hesse (2011)identified a conflict between legitimacy and efficiency of state actors in managing the planning conflicts arising from the collective action problem represented by port regionalisation. The authors concluded that three issues needed to be addressed: the interdependence of logistics and land use, the regional setting of the port and its functions, and the role of governance and planning. Monios &Wilmsmeier (2012a; p.1560) wrote that "the emerging stage in port development theory must understand relations between port authorities, port terminal operators, inland terminal operators (including the transport link between the two) and logistics providers." Building on the previous two sections, this finding highlights the importance of establishing port involvement from the beginning and the need to understand logistics integration if the collective action problem of developing intermodal corridors is to be resolved and managed to the port's advantage. Flämig and Hesse (2011) further identified a lack of institutional capacity to deal with unexpected developments and logistics sprawl, conflicting with public sector attempts to coordinate new freight transport requirements around intermodal corridors and terminals.
Insights from economic and political geography have also proved useful in this endeavour, comparing how these structures differ across scales and spaces (MacLeod, 2001) , as well as problematizing the role of the state (e.g. Swyngedouw, 2000; Jessop, 1990; Brenner, 1998 ), and reflecting multi-level governance (Marks, 1993; Hooghe & Marks, 2003) . This process is linked partly to recent trends towards decentralisation and devolution (Peck, 2001; Rodríguez-Pose & Gill, 2003) , which nonetheless are not necessarily an actual transfer of power but more of a qualitative restructuring (Brenner, 2004) , characterised as uneven processes of hollowing out (Rhodes, 1994) and filling in (Jones et al., 2004; Goodwin et al., 2005) , leading to asymmetrical acting capacity.
Institutional adaptations of port actors
The changing role of the port in the transport chain and the greater focus on the terminal rather than the port have become key issues over recent years (e.g. Slack, 1999; Notteboom & Winkelmans, 2001; Robinson, 2002; Slack & Wang, 2002; Slack, 2007) , leaving the role of the port authority open to question (Heaver et al., 2000; Olivier and Slack, 2006; . From a theoretical perspective, this changing role has been addressed through relational (Jacobs & Notteboom, 2011) , territorial (Debrie et al., 2013) and combined approaches (Monios & Wilmsmeier, 2012b) .
As shown in the first part of the analysis, land-driven terminal developments have generally been the most common as port actors have not possessed the institutional capacity to drive developments deep in the hinterland, but this situation is changing as port congestion and fierce competition for overlapping hinterlands force port authorities and terminal operators to take investments and even drive such developments themselves (Monios & Wilmsmeier, 2012a; Monios & Wang, 2013) . In order to achieve this, port actors are required to expand their institutional capacity beyond their core competency of container handling and restructure their business models through, for example, processes of privatisation or corporatisation (Notteboom & Rodrigue, 2005; Ng & Pallis, 2010; Sanchez & Wilmsmeier, 2010; Jacobs & Notteboom, 2011; Notteboom et al., 2013) .
Institutional approaches to port development have argued that the port authority has constraints on its ability to act, stemming from its specific nature. The key distinction is that port development is path dependent, heavily constrained by past actions and institutional design, but also contingent, in relation to private investment and public planning. Ng and Pallis (2010) showed how port governance is largely determined by local/regional institutional characteristics, despite attempts to implement generic governance solutions. Notteboom et al. (2013) applied the concept of institutional plasticity (Strambach, 2010) to port development, arguing that, while port development is path dependent, a port authority can achieve governance reform by a process of adding layers to existing arrangements. In this way, the port authority does not break from the existing path of development, but develops new capabilities and activities via a process of "institutional stretching". An example is given of port authorities investing in load centres in the hinterland, beyond their traditional jurisdiction, and the particular importance of informal networking is noted. Jacobs & Notteboom (2011) Caribbean. This theoretical endeavour was aided through the application of the concept of autopoiesis (Maturana & Varela, 1980) , introduced to port geography by Sanchez and Wilmsmeier (2010) , who observed that transport systems exhibit an autopoietic selforganising structure. Under pressure from an uncertain environment, a transport system takes actions in order to tackle existential situations (otherwise market forces will deconstruct the organisation of the transport system). When feedback loops are missing, parts of the system may grow in an uncontrollable manner, and, through the limitations of its physical characteristics, it may lead to overshooting and collapse of the system. Yet with each transformation of the inputs, the system changes its state (Schober, 1991, p.3520 ).
This characterisation of ports could provide an avenue for future research, aiming to determine how institutional adaptations proceed, influenced both by globalised norms (e.g. strategy reproductions by global terminal operators) and regional specificities. The "lumpiness" of investment in both port and intermodal infrastructure means that institutional asymmetries can produce divergent trajectories (Ng & Pallis, 2010) . Transport autopoiesis is likely to have an especially high inertia when it comes to changing system variables (see Maturana, 1994, p.77; Jantsch, 1982, p.64 ). More research is needed to investigate the influence of these system variables, which, like the factors influencing deconcentration of maritime flows (see Notteboom, 2010; , will be a mixture of reactive and proactive. In order to theorise port regionalisation fully, such factors require deeper understanding.
Conclusion
Collective action problems arise from the difficulties in managing the actors involved in hinterland integration. The literature reveals how the planning and operation of intermodal corridors require multi-scaled governance and informal regional coherence that port actors are not generally in a position to influence. The findings from this section highlight the importance of identifying at which level transport governance is scaled, and how public and private organisations interact within and across these scales.
Large shippers or rail operators competing against each other do not always favour the integration required for successful port regionalisation, as shown in section 5. Even leader firms can be reluctant to act if an infrastructure for collective action is not in place (and it is usually predominantly a public infrastructure for collective action), which hampers attempts at port regionalisation and keeps maritime and inland spaces separate. However, port actors have pursued institutional adaptations in order to take an active role in hinterland investments. In order for the port regionalisation concept to theorise hinterland expansion adequately, further research is needed on the influences and constraints on proactive and reactive strategies. The institutional theoretical approaches discussed in this section are likely to be instrumental in this endeavour.
Discussion of results
Each of the three parts of the analysis highlighted conflicts between maritime and inland actors, a lack of integration, institutional barriers, and the importance of understanding the specificity of market structure and the limitations of political design, both of which limit the extent to which port regionalisation processes can occur. However, these issues remain context-dependent, thus challenging the ability to capture them in a single concept.
As noted about inland terminals, "the inland port is only an option for inland freight distribution that is more suitable as long as a set of favourable commercial conditions are maintained" (p.2). Similarly, it might be said that port regionalisation requires a set of favourable commercial and institutional conditions to be maintained. The findings from the literature analysed in this paper suggest that it is not easy to maintain such conditions.
Port devolution and the deregulation of transport services have opened wider possibilities for the private sector, public sector and varying forms of cooperation between the two. Land use and transport planning require integrated approaches across local, regional and national boundaries to be able proactively to influence and direct port development. As with the discussion on terminal development in section 4, the operational discussion in section 5 highlighted the difficulty of making intermodal transport feasible, especially in Europe. Many terminals had their development subsidised by the public sector, and many operators still receive public funds. Moreover, as many rail operators in Europe continue to receive subsidies from their national governments, this subsidy indirectly supports the small terminals that continue to exist.
Local and regional planning authorities, as well as national bodies who tend to provide the funding, must improve the integration of their transport planning with industry needs, whether that be market demand or operational requirements. Section 6 highlighted the difficulties of managing such institutional relationships across spaces and scales. In particular, the importance of informal regional cohesion across devolved governance spaces was demonstrated, a finding of particular relevance to the European context, where subsidies can be local, regional, national or supranational (i.e. the European Union).
Port actors do not generally have the institutional capacity to drive developments far beyond their perimeter. This is particularly the case for port authorities (generally working on a public mandate from the city or region), but even private port terminal operators are generally working to a core competency and the institutional structure (as represented by the board of directors who report to the shareholders) is unlikely to be suited to the requirements relating to purchasing land and dealing with the regulatory and other issues of developing a subsidiary in the hinterland. Short-range satellite terminals for overspill functions can be feasible (Slack, 1999) , but load centres hundreds of miles away are not generally compatible with the aims of the port. However, the literature has shown that some port terminal operators have successfully invested in hinterland terminals. The port regionalisation concept focuses primarily on the port authority and the literature on institutional adaptations showed that port authorities are taking a more direct role in hinterland access. Yet the real investments and actions in the hinterland are being taken by port terminal operators. Therefore, the port regionalisation model as it currently stands devotes insufficient attention to the role of the port terminal operator, which, as noted by Slack and Wang (2002) , must be considered an essential part of any new spatial model of port geography. Wilmsmeier et al. (2010 Wilmsmeier et al. ( , 2011 borrowed from the terminology of industrial organisation (i.e. forward and backward integration) to introduce a conceptual approach to inland terminal development, contrasting Inside-Out development (land-driven e.g. rail operators or public organisations) with Outside-In development (sea-driven e.g. port authorities, terminal operators). The authors argued that this perspective had not received sufficient attention in discussions of the port regionalisation concept. This model has since been used to aid disaggregation of regionalisation strategies and comparison of potentially conflicting strategies that may be pursued by terminals within a port or between ports within the same range. Ng & Cetin (2012) suggested that Inside-Out development is the common model in developing countries, as opposed to Outside-In in developed countries, whereas Monios & Wilmsmeier (2012a) showed that Inside-Out development is common in developed countries also. Increasing port competition in China has spurred several Outside-In developments there (Monios & Wang, 2013) .
The literature analysis revealed the lack of integration and the limitations of the port to act, elucidating good reasons why ports may experience challenges in controlling or capturing hinterlands through the strategies of integration that the port regionalisation concept suggests. Therefore, while the concept is correct to some degree to state that regionalisation is "imposed on ports" (p.302) by landside actors, and that "the port itself is not the chief motivator for and instigator of regionalisation" (p.306), an inherent contradiction is revealed because the concept also asserts the importance of port competition and the requirement for port actors to capture and control these emerging inland networks, for example by developing an "island formation" in "the natural hinterland of competing ports" (p.303). In highlighting the limitations of the port actors to do so, this paper has deepened understanding of the difficulties of port regionalisation. It particularly highlights reasons why it will mostly be large ports with the necessary resources that are likely to engage in such tactics, meaning that the levels of integration required for a true regionalisation process worthy of the name will be the exception rather than the norm.
The port regionalisation concept therefore requires adjustment to highlight the opportunities for and barriers to successful port regionalisation, and recognise inherent difficulties.
Conclusion
According to the port regionalisation concept, inland terminals are active nodes, inland logistics integration is driven by market players and collective action problems can challenge the port's ability to act. This paper has examined the literature on these topics in order to identify challenges to the processes of integration essential to the concept. This understanding facilitates both the improvement of the model as well as the identification of lessons for port actors regarding how to achieve successful port regionalisation, or to cope with such processes as they are played out by other actors.
The analysis in this paper identified several difficulties arising from the nature of intermodal transport that may challenge successful implementation of port regionalisation strategies. Section 4 showed that ports can actively develop inland terminals, and differences exist between those developed by port authorities and those developed by port terminal operators. Furthermore, differences can be observed between those developed by ports and those developed by inland actors. Section 5 revealed that while rail remains a marginal business, while the industry remains fragmented, while consolidation is not happening and while fragile government subsidy is still the basis of many flows, intermodal corridors cannot become instruments of hinterland capture and control for ports. The integration processes predicted by the port regionalisation concept cannot happen until the inland logistics system becomes more integrated. There is insufficient evidence as yet that inland transport is consolidated to the extent that maritime transport (e.g. global shipping lines and terminal operators) has become over recent years. Section 6 found that in many cases institutional design will constrain integration between maritime and inland transport systems. The conflict between legitimacy and agency creates barriers and if an infrastructure for collective action is not in place (and it is usually predominately a public infrastructure for collective action), then private firms will not act, thus challenging attempts at port regionalisation and keeping the maritime and inland spaces separate. The multi-scalar formal and informal planning regimes in which each port is situated mean that generic port development strategies based on assumptions of hinterland integration will face several regionally-specific challenges. Some institutional adaptation has been identified on behalf of port authorities, but port terminal operators remain the most likely port actors to engage in active regionalisation strategies.
While additional cases are required to advance the findings further, the cases in this paper elucidate reasons that may prevent ports controlling or capturing hinterlands through the strategies of integration that the port regionalisation concept suggests. The paper also argues for greater disaggregation of the factors that challenge or enable port regionalisation processes, comparing the institutional models of ports and other stakeholders, particularly public sector planners and funders. It may be more accurate to state that port regionalisation can only occur as long as a set of favourable commercial and institutional conditions are maintained.
While the findings from the cases presented in this paper suggest that it is not easy to maintain such conditions, some examples of best practice have shown that they can be altered. For instance, the commercial conditions can be altered (e.g. port terminals taking a direct role in managing hinterland rail services), as can the institutional conditions (e.g. institutional adaptation to allow port authorities to take direct investments in the hinterland).This best practice has been isolated through a better understanding of the different elements of intermodal transport as outlined in this paper.
From a theoretical perspective, recent work on institutional adaptation at ports suggests that port regionalisation, "imposed on ports", has caused them to change their institutional design and their relation to their own core competencies. Processes of "institutional plasticity", "windows of opportunity" and "autopoiesis" have been identified, pointing towards a future research agenda examining how the competitive strategies adopted by port authorities and terminal operators fit with the local and regional economic development goals of landside actors.
